INTRODUCTION
The chemical state of nonequilibrium boundary layers about hypersonic vehicles is of considerable interest. The interest steams mainly from the fact that the heat transfer to the body, and the observables in the wake and the tirails, are greatly affected by the chemical state of the boundary layers.
The problem of nonequilibrium chemically recombining boundary layers is a formidable one and exact solutions are available only for a few special cases. The solutions that exist have been obtained by assuming that either 1-6* the gas phase or the surface recombination occurs alone.
At this stage of development, an approximate solution will be useful if it takes reasonable account of the simultaneous effects of gas phase and surface recombination.
7 It has been shown that the chemical state of the boundary layer is controlled mainly by the recombination which takes place near the wall when the wall is highly cooled. This observation suggests representing the gas phase reaction by an equivalent surface reaction with all state variables specified by surface conditions.
The order of reaction and the corresponding rate constant of this equivalent surface reaction will be determined for a noncatalytic wall. The equivalent surface reaction concept will then be extended to the case in which the surface has an arbitrary catalycity.
The basic concept of emphasizing the region of maximum chemical activity in determining the chemical state of the boundary layer was first used by Rae 8for the boundarylayer in which dissociative reactions predominate. The order and rate constant for the proposed equivalent surface reaction will be determined first for noncatalytic walls. Since the gas phase reaction near the surface of a highly cooled hypersonic vehicle is predominantly that of recombination requiring three body collisions, a modified second order reaction appears to be a reasonable choice for the equivalent surface reaction.
ANALYSIS
We let
where K is the equivalent surface reaction constant for the gas phase reaction.
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The constant K is to be determined subsequently. In effect, we are assuming I g that the nonequilibrium gas phase reaction over a noncatalytic wall is equivalent to a frozen boundary layer with the surface reaction specified by Eq. (1).
An exact solution of the diffusion equation at the stagnation point Equations (4) and . (6) give at the stagnation point
qE 41+K g -*For the stagnation region: (7) and (9) . It is seen that the present equivalent surface reaction theory represented by Eqs. (1), (7) , and (9) predicts the heat transfer ratio satisfactorily for noncatalytic walls.
Let us now consider surfaces of arbitrary catalycity, represented by a specific rate constant K , in the presence of none quilibrium gas phase w reaction. The diffusion rate of atoms to the surface must then be equal to the total rate of recombination of atoms by both the gas-phase recombination and the catalytic surface recombination. Equation 
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The variation of (q qf)(qE qf) With respect to F and F, as given by Eq. (1) is seen in Fig. 1 . The general behavior is similar to that for 'the CGuette flow obtained in Ref. 10 .
It is noted here that the same problem considered here is also being studied by Inger* from a different approach. In his analysis the production tertm, or the source term, in the formal diffusion equation is approximated by a simpler function requiring only a correct matching near the surface.
it is therefore based on a concept similar to that used herein in that the chemical state near the surface is assumed to be of controlling influence.
It is still, however, an approximate analysis and the accuracies of any of these Approximate analyses an be checked only when eact s olutions be'come available.
CONCLUSIONS
The concept of equivalent surface reaction has been developed for gas- 
